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DESCRIPTION 

FORGING METHOD, FORGED PRODUCT AND FORGING APPARATUS 

Priority is daimed to Japanese Patent Application No. filed on July 31, 

2003, U.S Provisional Application No.60/492,735 filed on August 6, 2003 and Japanese 
Patent Application Na 2004-216903 filed on July 26, 2004, the disclosure of which are 
incorporated by r^enoe in their entir^es. 

Cross Refermce to Related Applications 

This application is an application filed under 35 U.S.C. § 111(a) claiming the ben^ 
pursuant to 35 U.S.C § 119(eXl) of the filing date of U.S. Provisional Application No. 
60/492,735 filed on August 6, 2003 pursuant to 35 U.S.C § 111(b). 

Technical Reld 

The present invention relates to a forging method, a forged product and a forging 
apparatus. More specifically. It relates to, for example, a forging m^od for fbmriing an 
enlarged diameter portion at a presoitied portion of a barshaped raw material tjy subjecting 
ttie prescribed portion of the raw material to swaging processing, a forged product obtained 
by the forging method and a forging apparatiB for perfomiing the forging method. 

Badqiround Art 

Generally, swaging is processing for fbmiing an enlarged diameter portion at a 

prescribed portion of a raw matBrial by pressing the taw material in the axial direction thereof. 

In the swaging processing, if the raw material is buckled during the swaging processing, the 
obtained product bournes poor in shape (wrinkled or laps), deteriorating the value as a 
product In order to prevent the occunence of such buckling, conventionally, the tbilowing 
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swaging metliod is known (see Japanese Unexamined Laid-open Patent Publication No. 
348-62646, pages 1-2, Rgs. 1-4). 

In this method, a ptBsang die is fitted In a forming dented portion of a female die, 
and a raw material is Inserted in the fbmning dented portion via a penetrated hole fomed in 
the pres^ng die. Then, a male die is inserted in the penetrated hole to forcibly press the 
raw material towanJ the forming dented portion to therelDy fill the forming dented portion 
vwth the raw material while moving the pressing die badcward to obtain a product having a 
prescribed shape. 

According to the aforementioned conventional processing method, the peripheral 
surface of the raw material pressed in the forming dented portion of the female die is 
restrained by the female die during the proces^ng. Acocnxiingly, the conventional processing 
method can be classified into a resb^in swaging method. The restrain swaging method, 
however, has sudi a drawbadc that higher forming pressure is generally required. Thus, In 
the conventional processing method, it is required to prepare a fbiiging apparatus capable of 
generating higher forming pressure, causing higher cost to employ such a forging apparatus. 
Furthemiore, since larger load will be applied to the fbmning dented portion of the female die 
at the time of the swaging processing, resulting in a shortened life of the female die. 

The description herein of advantages and disadvantages of various features, 
embodiments, methods, and apparatus disclosed in crther publications is in no way intended 
to limit the present invention. Indeed, certain features of the invention may be capable of 
overcoming certain disadvantages, while sdll retaining some or all of the features, 
embodiments, methods, and apparatus disclosed therela 

Disclosure of Invention 

The prefened embodiments of the present invention have been developed in view of 
the above-mentioned and/or otiier problems in tiie related art The preferred embodiments 
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Of the present invaition can significantly Improve upon existing methods and/or apparatuses. 

Among other potential advantages, some embodiments can provide a forging 
method capable of perfbnning swaging processing under lower forming pressure and 
pres/enting the occurrence of buckling a raw material vyhich may sometimes be generated 
5 during the swaging processing. 

Among other potential advantages, some embodiments can provide a forged 
product obtained by the forging method and a forging apparatus preferably employed to 
perform the forging method. 

The present invention provides the following means. 

10 

[1] A forging method using a swaging apparatus equipped witii a fodng die for 
fixing a bar-shaped raw material, a guide having an Insertion passage for inserting and 
holding the raw material in a buckling preventing state, and a punch for pressing the raw 
material inserted In and held by the insertion passage of the guide in an axial direction of the 
15 raw material, 

wherein a scheduled enlarged diameter portion of the raw material fixed to the 
fDdng die with the scheduled enlarged diameter portion protruded is Inserted into the 
Insertion passage of the guide, and 

thereafter, while pressing the raw material with the punch by moving the punch, in a 

20 state In which a part: of a peripheral surface of an exposed portion of the raw material 

exposed between the guide and the fixing die is nesbained or an entire peripheral surface of 
the ecposed portion of tiie raw material is not restrained, the scheduled enlarged diameter 
portion of the raw material Is subjected to swaging processing by moving the guide In a 
direction opposite to a moving direction of the punch so that a length of the exposed portion 

25 of the raw material becomes a buckling limit length or less at a aoss-sedional area of tiie 
exposed portion of the raw material. 
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[2] The forging method as nedtsed in Item [1], wherein an Initial clearance having a 
distance Is fonned l3etween the guide and the fixing die prior to an Initiation of a movement 
of the punch, the distance being set to l3e the buckling limit length or less at the 
aoss-sectional area of the exposed portion of the raw material expc^ed between the guide 
and the fixing die. 

[3] The forging meltiod as recited In Hem [2], wherein a time lag is provided 
between the Initiation of the movement of the punch and an Initiation of a movement of the 
guida 

[4] Tlie forging metiiod as redtsed in item [3], wherein the time lag Is s^ such that 
a total volume of a volume of the exposed portion of tiie raw material exposed within a range 
of the initial clearance at tiie time prior to the Initiation of the movement of the punch and an 
Inaieased volume of tiie raw material to be Increased during the time lag vwtiiin tiie range of 
the Initial dearanoe does not exceed a volume of the raw material existing witfiin tiie range of 
tiie Initial dearanoe In a sdieduled ^pe of tiie enlarged diameter portion of the raw material 
to be formed by the swaging processing. 

[5] A forging mettiod using a svraglng apparatus equipped with a fbdng die for 
fixing a bar-shaped raw material, a guide having an insertion passage for Inserting and 
holding the raw material In a buckling preventing state, and a punch for pressing the raw 
material inserted In and held by the Insertion passage of the guide In an axial diredion of ttie 
raw material, 

wherein a scheduled enlarged diameter portion of the raw material fixed to the 
fixing die witti tiie scheduled enlarged diameter portion protiuded Is inserted into tiie 
insertion passage of the guide, and 

tiiereafter, while pressing tiie raw material witii tiie punch by moving tiie punch, in a 
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State in which a part of a peripheial surfiaoe of an exposed portion of the raw material 
exposed (between the guide and the fixing die is restrained or an entire peripiieral surlaoe of 
the exposed porGon of the raw material Is not restrained^ the scheduled enlarged diameter 
portion of the raw material is subjected to swaging prooesang by moving the guide in a 
5 direction opposite to a moving direction of the punch, 

where 



''P" is an average moving speed of the punch from an initiation of a movement 
thereof; 



'"G" is an average moving speed of the guide from an initiation of the movement 

10 thereof; 



'"Xo" Is a buckling limit length at the cross-sectional area of the raw material before 

* 

the swaging pnDGessing; 



"Xi" is a buckling limit length at the cross-secb'onal area of the enlarged diameter 
portion of the raw material after the swaging pnooessing; 



L5 'X' is an Initial dearancse between the guide and the fixing die (O^X^Xo); 



'V Is a time lag fixjm the initiation of the movement of the punch to the initiation 
of the movement of the guide (O^to); 



'^L" is a length of the enlarged diameter portion of the ibw material after the swaging 
processing; 

-0 is a laigtli of the raw material in the state prior to the swaging pixxessing 

required for the enlarged diameba- portion; and 



'T' is a swaging prcx:essing time from the initiation of the movement of the punch, 
iftb<X 



satisfies the following relational expression; 

:5 (L-X)/[(lo-L)/P-tb]^G^P(Xi-X)/(lo-XrPlb). 



[6] The forging method as nedted in Item [5], wherein the scheduled enlarged 
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diameter portion of the raw mataerial is an end portion of the raw material. 

[7] The forging method as recited in Item [5], wherein the scheduled enlarged 
diameter portion of the raw material is an axial central portion of the raw material. 

■ 

[8] "The forging method as redted In Item [5], wherein the scheduled enlarged 
diameter portion of the raw material Is one end portion of the raw material and the other end 
portion thereof, wherein the one end portion and tiie cAher end portion of the raw material 
fixed to the fixing die with one end portion and the other end portion protruded are inserted 
into the insertion passage of corresponding guide, and wherein the one end portion and the 
cAher end portion are simultaneoisiy subjected to swaging proces^ng. 

[9] The forging metiiod as redted In any one of Items [1] to [8], wherein an edge 
portion of a leading end surface of the guide at a dde of the insertion passage anchor an 
opening edge portion of a raw material fixing and fitting aperture fomned in the fodng die are 
beveled. 

[10] The forging metiiod as redted in any one of Items [1] to [9L wherein Oie 
scheduled enlarged diameter portion of the raw material is subjected to swaging prxxessing 
witii a part: of a peripheral surface of the raw material restrained by a restraining die portion 
having a fonning dented portion, and tiiereafter the enlarged diameter portion of the raw 
material is pressed with a second punch pros/ided at the restraining die portion to thereby fill 
the forming dented portion witti the material of tiie enlarged diameter portion by plastically 

deforming tiie enlarged diameter portion within the fomning dented portion of tiie restraining 
die portion. 

[11] The forging method as recited in Item [10], wherein tiie fixing die Is provided 
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with a flash forming dentjod portion continuing from the forming dented portion of \h& 
restraining die portion, and wherein the matetial of the enlarged diameter portion is filled into 
the forming dented portion and tlie flash fbnning dented portion by plastically deforming the 
enlarged dlameJer portion within the fbnning dented portion of the restraining die portion. 

[12] The forging mdiiod as redtied in Item [10], wherein the forming dented 
portion is a dosed dented portion. 

[13] A forged prcxduct obtained by the forging method as recited in any one of 
Items [1] to [12]. 

[14] A forging apparatus, comprising a swaging apparatus, 

whoeln the swaging apparatus includes: 

a fDdng die for fixing a bar-shaped raw material; 

a guide having an insertion passage for inserting and holding the raw material in a 
buckling preventing state; 

a punch for pressing the raw material inserted in and held Ijy the insertion passage 
of the guide in an ^al direction of the raw material; and 

a guide driving device for moving the guide in a direction opposite to a moving 
direction of tine punch so tiiat a lengtii of the exposed portion of the raw material exposed 
between tiie guide and die fixing die becomes a buckling limit lengtii or less at a 
cross-sectional area of tiie exposed portion of tiie raw material. 

[15] Tlie forging apparatus as recited in Item [14], wherein the swaging apparatus 
performs swaging processing In a state in which a part of a peripheral surface of the exposed 
portion of tiie raw material Is resbained or an entire peripheral surface of tine exposed portion 
of the raw material is not restrained. 
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[16] The forging apparatus as redbed in Item [14] or [15], wherein the swaging 
apparatLB further includes a restraining die portion for restraining a part of the peripheral 
surface of the exposed portion of the raw material. 

[17] The forging apparatus as redted in Item [161 wherein the restraining die 
portion is provided with a second punch for pressing the enlarged diameter portion of the raw 
material formed by the swaging apparatus and a forming dented portion into which the 
material of the enlarged diameter portion is filled by the pressing of the enlarged diameta' 
portion by the second punch. 

[18] The forging apparatus as recited In Bem [17], wherein the fixing die is 
proy/ided \Mt a flash forming dented portion continuing from the forming dented portion of 
the restraining die portion. 

[19] The forging apparatus as nedted in Item [17], wherein the fomning dented 
portion is a closed daited portion. 

m 

In the Invention as redted in Hern [1], in a state in which a part: of a peripheral 
surface of an exposed portion of tiie raw material exposed between tiie guide and the fixing 
die is resbained or an entire peripheral surface of the exposed portion of the raw material Is 
not resbained, tiie scheduled enlarged diameter portion of the raw material is subjected to 
swaging processing. That Is, the swaging meOiod of the forging meOnod according to the 
invention as recited in Item [1] can be dassified into a free swaging metiiod or a partially 
resbained swaging method. Therefore, in tiie invention as redted In Item [1], tiie swaging 
processing can be pertbmned to the scheduled enlarged diameter portion of the raw material 
under lower fomilng pressure. In a concrete example, aooording to tiie forging method as 
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recited in Item [1], tiie forming pressure Gould have reduced into about 1/4 of ftuming 
pressure of the aforementioned oonventionat forging method. Furthermore, the swaging 
processing can be performed to the schajuled enlarged diameter portion of the raw material 
not n«:essarily using a die, resulting in reduced manufacturing cosL 

5 Furthermore, ance the scheduled enlarged diameter portion of the raw material is 

subjected to swaging processing by moving the guide in a direction opposite to a moving 
direction of the punch so that a iaigth of the ecposed portion of tt\e raw material becomes a 
buckling limit lengtii or less at a cross-sectional area of the exposed portion of the raw 
material while pressing the raw material with the punch by moving the punch, buckling of the 

Lo raw material which may sometimes be ocxurred during swaging processing can be prevented 
from being oocurred. 

In tiie Invention as redted In Item [2], since an initial clearance having a certain 
distance is provided between the guide and the fixing die. It is possible to prevent a problem 
15 that the exposed portion of the raw material exposed within the initial clearance beJween the 
guide and the fixing die Is buckled immediately after tiie initiation of the movement of the 
punch (i.e., immediately after the initiation of tiie swaging processing). Furttiermore, the 
moving lengtii (sbx}ke) of the guide can be shortened. 

20 In tiie invention as recited in Item p], by providing a time lag between the Initiation 

of the movement of the punch and an Initiation of a movement of the guide, tiie 
cross-sectional area of tiie e<posed portion of the raw material exposed within the initial 
clearance between the guide and the fixing die increases immediately after the initiation of 
tiie movement of tiie punch (i.e.. Immediately after tiie initiation of tiie swaging processing). 

15 Therefore, tiie buckling limit lengtii of tiie e>qDosed portion of the raw material can be 
increased, which makes it possible to assuredly prevent the occurring of buckling. 
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In the inventin as recited in Kern [4], since the time lag Is set such that a total 
volume of a volume of the exposed portion of the raw material exposed within a range of the 
initial clearance at the time prior to the initiation of the movement of the punch and an 
increased volume of the raw material to be increased during the time lag within the range of 
the initial clearance does not ©co^ a volume of the raw material existing within the range 
the initial clearance In a scheduled shape of the enlarged diameter portion of the raw mataial 
to be fbmied by the swaging processing, the scheduled enlarged diameter portion of the raw 
material can tie assuredly enlarged in diameter into the scheduled shape. 

m the Inventiai as recited in Item [5], in the same manner as In the invention 
redted in Hem [1], the scheduled enlarged diameter portion of the raw material is subjected 
to swaging proofing In a state In which a part of a peripheral surface of an &qxxed portion 
of the raw material exposed iDetween the guide and the fixing die is restrained or an entire 
peripheral surface of the exposed portion of the raw material is not restrained. Therefore, in 
the Inventin as redted in Item [5], the scheduled enlarged diameter portion of the raw 
material can be subjected to the swaging procesdng under lower Ibmiing pressure. 
Furthemiore, the swaging processing can be performed to the scheduled enlarged diameter 
portion of the raw material not necessarily using a die, resulting In reduced manufacturing 
cost 

Furthennore, since the average moving speed G of the guide from the initiation of 
the movement of the guide satisfies the predetermined relational expression in the case of 
tb<X it is possible to prevent a problem that there remains un-enlarged diameter portion in 
the scheduled enlarged diameter portion of the raw material at the time of complelion of the 
movement of the punch (i.e., at the time of completion of the swaging processing), enabling 
the sdieduled enlarged diameter portion of the raw material to be assuredly enlarged. It is 
also possible to assuredly prevent the occumng of buckling of the raw material which may 
sometimes be occurred during the swaging processing. 
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In the invention as recited in Item [6], since tiie scheduled enlarged diameter 
portion of the raw material is an end portion of the raw matserial, the end portion of the raw 
material can be enlarged in diam^r into a scheduled shape. 

5 

In the Invention as recited in Item [7]/ since the scheduled enlarged diameter 
portion of the raw material is an axial central portion of the raw material/ the axial centicil 
portion of the raw material can be enlarged in diameter into a scheduled shape. 

10 In the invention as redted In Item [8], ^nce the one end portion of the raw material 

and the other end portion thereof are simultaneously subjected to swaging processing, the 
pnoces^ng effldency of the swaging prcxiessing can be enhance. 

In the invention as recited In Kem [9], since an edge portion of a leading end 
1 5 surface of the guide at a side of the insertion passage is beveled, the guide can dfectively 
receive back pressure from the exposed portion of the raw material at the time of tiie 
swaging processing. As a result, in a guide driving device for moving the guide in a certain 
direction, the driving force required for mo\4ng the guide can be decreased. Therefore, the 
guide can be moved by a guide driving device having smaller driving force. airtiiemTore, 
20 since tiie opening edge portion of the raw material fixing and fitting aperture of the fixing die 
is beveled, it becomes possible to prevent problems such as laps which may sometimes be 
generated during after processing. 

In tine Invention as redted In Item [10], by subjedting tfie scheduled enlarged 
!5 diameter portion of tiie raw nraterial to swaging processing wKh a part of a peripheral surface 
of tiie raw material resbained by tiie restiaining die portion having a fomilng dented portion, 
a prefomri for a forged product of a scheduled design shape can be obtained. Thereafter, by 
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pressing the enlarged diameter portion of the raw material with a second purKh provided at 
the retraining die portion to thereby fill the forming dented portion with the material of the 
enlarged diameter portion by plastically defomiing the enlarged diameter portion within the 
fomrung dented portion of the restraining die portion, a forged product of a scheduled design 
shape or a forged product of a shape near the scheduled design shape (a forged product 
with flash) can be obtained. 

Thus, in the invention as recited In Item [10], a forged product of a sdieduled 
design shape or a forged product of a shape near the scheduled design shape can be 
obtained without detaching the raw material from the fixing die or newly attaching a die after 
the swaging operation of the scheduled enlarged diameter portion of the raw material, 
/tordingly, the number of dies or steps can be decreased, resulting in reduced 
manufacturing CDsL 

In the Invention as redted In Item [11], since the material of the enlaiged diameter 
portion Is filled Into the forming dented portion and the flash forming dented portion, the 
forming of the enlarged diameter portion of the raw material can be performed under lower 
forming pressure, which in turn can extend the life of the fomilng dented portion. 
Furttiermore, in this case, a prefonn which Is a forged product of a shape near the scheduled 
design shape can be obtained, and therefore exbiemely increased yielding can be attained. 

In the invention as redted In Item [12], since the fonnlng dented portion is a dosed 
dented portion, a forged product of a scheduled design shape can be obtained by plastically 
defomiing the enlarged diameter portion of the raw material within the forming dented 
portion to thereby fill the fomiing dented portion with the material of the enlarged diameter 
portion. Accordingly, in the invention as redted In Bem [12], it is not required to remove 
flashes, resulting In reduced processing steps and enhanced product yielding. 
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In the invention as redltesi in Item [13], tt Is possible to provide a high qualit/ forged 
product at low cost 



In the invention as redted In Item [14], since the forging apparatus Includes a 
5 swaging apparatus a:|uipped with a fixing die, a guide, a pundi and a guide driving device, 
the apparatus can be preferably used to perfbmi the aforanentioned forging method. 



In the invention as recited in Item [15], the swaging apparatus of the forging 
apparatus perfomns the swaging prooesi^ng In a state in which a part of a periplieral surface 
Lo of the exposed portion of the raw material is restrained or an entire peript^rcri surface of the 
exposed portion of the raw material is not restrained, by using the forgir^ apparatus 
induding tiie swaging apparatus, the aforementioned forging metiiod of the present 
invention can be esoecuted assuredly. 

1-5 In the invention as recited in Item [16], since the swaging apparatus is further 

equipped with a certain restraining die portion, by using the forging apparatus Induding the 
swaging apjDaratus, ttie afbremenijoned forging method of the present invention can be 
performed more assuredly- 



10 In the invention as recited in Item [17], since the restraining die portion of the 

swaging apparatus is provided with a certain second punch and a certain forming dented 
portion, by using the forging apparatus induding the swaging apparatus, the aforementioned 
forging metfiod of the present invention as recited in Item [10] can be perfbnmed assuredly. 



15 



In the Invention as redted in Item [18], since tine fixing die is prxjvided with a flash 
forming dented portion continuing fnxn the fonning dented portion of the resbalnlng die 
portion, by using the forging apparatus induding the swaging apparatus, the aforementioned 
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forging method of the present invention as redted (n Item [11] can be perfbmned assuredly. 

In tfie invention as recited in Item [19], since tlie fbnning dented portion is a closed 
dented portion, by using ttie forging apparatus including the swaging apparatus, the 
aforementioned forging method of the pr^^t invention as redted in Item [12] can be 
performed assuredly. 

The effects of the present invention can be summarized as follows. 

According to the invention as redted in fiem [1], swaging pncx3es9r^ can be 
sutjected to the scheduled enlarged diameter portion of the raw material under lower 
forming pressure. Furthermore/ the swaging proces^ng can be e>®cuted to the scheduled 
extended diameter portion of the raw material net necessarily uang a die, resulting in 
reduced manuiactiBing cost Furthermore, it Is possible to prevent the buckling of the raw 
material which may sometimes occur during the swaging processing. Thus, according to the 
invention as recited in Item [1], a high quality forged product can be obtained at low cost 

/\ccording to the invention as recited In Item [2], it is possible to prevent a problem 
tiiat the exposed portion of the raw material Is buckled immediately after the initiation of the 
movement of the punch (i.e., immediately after the initiation of the swaging processing). 
Furthermore, it is possible to reduce tiie moving length (sboke) of the guide. 

According to tiie Invention as redted in Item [3], it is possible to increase the 
buckling limit length of tiie exposed portion of the i3w material immediately after the 
initiation of the movement of the punch, and tiierefore the oocunence of buckling can be 
prevented assuredly. 
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AcxDording to the invention as nedted in Item [4], it is possible to assuredly enlarge 
the scheduled enlarged diameter portion of the raw material into a scheduled shape. 

Aoxjrding to tiie invention as recited in Item [5], it is pos^ble to perfiarm the 
5 swaging processing of the scheduled enlarged diameter portion of the raw material under 
lower Ibnning pressure, FurtlTemnore, the scheduled enlarged diam^er portion of the raw 
material can be assuredly enlarged into a »:heduled shape, and further it is possible to 
assuredly prevent the occunence of budding of tiie raw material which may som^mes occur 
during tiie swaging processing. 

LO 

According to the inver^on as recited in Item [6], it is pebble to enlarge tiie end 
portion of the raw material into a scheduled shape. 

AoGording to the invention as recited in ltem [7], it is possible to enlarge the axial 
L5 central portion of the raw material into a scheduled ^pe. 

According to the invention as redted in Itan [8], it is possible to improve tiie 
operating ^dency of the swaging processing. 

20 According to tiie invention as redted in Item [9], since the edge portion of tiie 

leading end surface of the guide at tiie side of the insertion passage is beveled, tiie guide can 
effectively receive back pressure friom tiie exposed portion of tiie raw material at tiie time of 
tiie swaging processing. As a result^ in a guide driving device for moving tiie guide in a 
certain direction, the driving force required for moving the guide can be decreased. 

! 5 Therefore, the guide can be moved by a guide driving device having smaller driving force. 
Furthemiore, since the opening edge portion of ttie raw material fodng and fitting aperture of 
tiie fixing die is beveled, it becomes possible to prevent problems such as laps which may 
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sometimes be generated during after procesang. 

According to the invention as recited in It3em [10], a forged product of a sclieduled 
design shape or a forged product of a shape near the scheduled design shape can be 
5 obtained without detaching the raw material from the fbdng die or newly attaching a die after 
the swaging operation of tlie scheduled enlarged diameter portion of the raw material. 
AoQordingly# the number of dies or steps can be decreased, resulting in reduced 
manufacturing cost 

Lo According to the invention as recited in Item [11], the forming of the enlarged 

diameter portion of the raw material can be performed under lower forming pr^ure, which 
in turn can extend the life of the fomiing dented portion. Furthermore, In this case, a 
preform which Is a forged product of a shape near the scheduled design shape can be 
obtained, and therefore extremely increased yielding can be attained. 

L5 

According to the Invention as redted in Item [12], It is not required to remove 
flashes, resulting in reduced processing steps and enhanced product yielding. 

Aocording to the Invention as necitsed In Item [13], it Is possible to provide a high 
1 0 qualit/ forged product at low cost. 

According to the invention as recited in Item [14X the apparatus can be preferably 
used to perform the aforementioned forging method. 

is Aooording to the invention as redted in Item [15], It is possible to provide a forging 

method capable of assuredly performing the aforementioned forging method of the 
invention. 
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According to the invention as recited in Item [16], it is possible to pnovicle a forging 
method capable of more assuredly peilbmning the aforementioned forging m^od of the 
invention. 

According to the invention as redted In Item [17], It is possible to provide a forging 
method capable of assuredly perlbiming the aftxementioned forging method of the invention 
as recited in Item [10]. 

According to tine Invention as redted in Item [18], it is possible to provide a forging 
method capable of assuredly performing the aforementioned forging method of tiie invention 
as recited in Item [11]. 

Aoootxllng to tiie invention as redted in Item [19], it Is possible to provide a forging 
method capable of assuredly perfomiing tiie aforementioned forging metinod of the invention 
as recited in Item [12]. 

The above and/or otiier aspects, features and/or advantages of various 
embodiments will be flirttier appredated in view of tiie following description in conjunction 
with tfie accompanying figures. Various embodiments can indude and/or exclude different 
aspects, features and/or advantages where applicable. In addition, various embodiments 
can combine one or more aspect or feature of ottier embodiments where applicable. The 
descriptions of aspects, features and/or advantages of particular embodiments should not be 
consbojed as limiting other embodiments or the dalms. 

Brief Description of Drawings 

The prefen-ed embodiments of the present invention are shown by way of example. 
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and not limitation, in ttie acxcmpanying figures, in wliidi: 

Rg. 1 is a schematic \A&n sliowing the state b&fore subjecting an end portion of a 
raw material to swaging by a forging apparatus acronding to a first embodiment of the 
present Invention; 

Rg. 2 is a cross-sectional view taken along the line A-A in Fig. 1; 

Rg. 3 is a schematic view sfiowing the state after subjecting the end portion of the 
raw material to swaging processing by the forging apparatus; 

Rg. 4 is a cross-sedionai view taken along the line B-B in Rg. 3; 

Rg. 5 is a schematic view showing a tbrged product manufactured by the forging 
apparatus accorJng to the second embodiment of the present invention; 

Rg. 6 is an exploded \^ew showing tfie fbrging apparatus; 

Rg. 7 is a schematic view showing the state before subjecting both end portions of a 
raw materia to swaging by the fbrging ap|>aratus; 

Rg. 8A is a cross-secBonal view taken along the line C-C in Rg. 7, Rg. 86 is a 
cross-sectional view taken along the line D-D In Rg. 7, and Rg. 8C is a cross-sectional view 
talc^ abng the line E-E in Hg. 8; 

Rg. 9 is a schematic view showing tiie fbrging apparatus shown in Rg. 7 in a state In 
which the upper fixing die among two separated fixing dies is removed; 

Rg. 10 is a schematic view showing a state In which swaging pnocesang is being 
suiDjecbed to both end (xjrtions of the raw material with the forging apparatus; 

Rg. 11 Is a schematic view lowing another state in which the swaging processing is 
being subjected to both end portions of the raw material witii the fbrging apparatus; 

Rg. 12 is a schematic view showing the state after the swaging was subjedBd to 
both end portions of the raw material with the fbrging apparatus; 

Rg. 13 is a schematic view showing the state after pressing the enlarged diameter 
portion of the raw material vwth tiie fbrging apparatus; 

Rg. 14 IS an exploded schematic view of a fbrging apparatus aooorxjing to a thiixd 
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embodiment of the present invention; 

Rg. 15 is a sdiematic view GOHiesponding to Rg. 13 and stiowing the state after 
pressing the enlarged diameter portions of the raw material wiUi the forging apparatus; 

Rg. 16 is a schematic view showing the state after subjecting the a>dal central 
portion of the raw material to swaging b/ the forging apparatus acoording to the first 
embodiment; 

Rg. 17 is a cross-sectional view talcen along the line FF in Rg. 16; 

Rg. 18A Is a schematic view showing the state before subjecting both end pcMt'ons 
of tiie raw material to swaging prooesang by the forging apparatus according to the second 
embodiment; 

Rg. 18B is a schematic view showing tiie state after subjecting botti end portions of 
the raw nraterial to swaging processing by the forging apparatus acoording to tiie second 
embodiment; and 

Rg. 19 is a Qxiss-sectional view cx)rrespondlng to Rg. 2 and shov\ring the state before 
subjecting and end portion of a raw material to swaging processing by the forging apparabjs 
acoording to the first embodiment 

Best Mode for Carrying Out the Invention 

In the following paragraphs, some preferred embodiments of tiie invention will be 
described by way of example and not nmitation. It should be understood based on tills 
disclosure that various other modifications can be made by those in tfie art based on tfiese 
illustrated embodiments. 

Rgs. 1 to 4 are schematic views illusbating a forging method using a fbiging 
apparatus acoording to a first embodiment of tiie present invention. In Rg. 1, the reference 
numeral "lA" denotes a forging apparatus of tiie first embodiment;, and "5" denotes a raw 
material. 
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The raw material 5 is a straight bar-shaped member with a round aoss-sectional 
^ape as shown in Rgs. 1 and 2. The cross-sectional area of the raw material 5 is constant 
along the axial direction thereof. The raw material 5 Is made of aluminum or aluminum alloy. 
In tins first embodiment;^ the scheduled enlarged diameter portion 6 of tlie raw material 5 to 

5 be enlarged in diameter is one end portion thereof (the upper end portion in Rgs. 1 and 2). 
The entire periphery of the one end portion of the raw material 5 will be enlarged in diameter 
as shown in Rgs. 3 and 4 after the swaging proc^ng. In detail, the one end portion of the 
raw material 5 will be enlarged into a spherical shape. In these figures, the refierenoe 
numeral "7" denotes an enlarged diamder portion of the raw material 5 formed by the 

10 SM^glng processing. 

In the present invention, the Cfx>ss-sectional shape of the raw material 5 is not 
limited to a round shape, and can iDe a pdygonal shape or an dlipticai shape for ecamf^. 
TTie material of the raw material 5 is not limited to aluminum or its alloy, and can be metal 
such as copper or plastic for example. Especially, the forging method and the forging 

15 apparatus can be preferably applied to the case in which the material of the raw material is 
aluminum or its alloy. 

Tlie forging apparatus lA is provided with a swraging apparatus 2. This swaging 
apparatus 2 is equipped with a fixing die 10, a guide 20, a guide driving device 40 and a 
punch 30. This swaging apparatus 2 is a free swaging apparatus, and therdbre is not 

20 equipped with a die for forming the enlarged diameter portion 7 of the row material 5 during 
the swaging processing. 

The fixing die 10 is used for fixing the raw material 5, i.e., for fixing the raw material 
5 so as not to move in ttie axial direction during the swaging processing. The fixing die 10 
has a raw material fixing and fitting aperture 12 in which the raw material 5 is immovably 
2 5 fitted. In this first embodiment, with one end of the raw material 5 protruded, the raw 
material 5 is fixed by fitting the other end (the lower end in Rg. 1) of the raw material 5 in 
the raw material fixing and fithng aperture 12. 
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The guide 20 has an Insertion passage 22 for holding the taw matierial 5 In the 
budding preventing state. "That is, this guide 20 holds the taw material 5 insetted In the 
Inseitlon passage 22 so that the taw matEtiai 5 is prevented from being buckled. The 
Inseitfon passage 22 is fbnned thimigh the guide 20 in a penetrated manner along the axial 
direcdon thereof. The diameter of the Insertion passage 22 is set to have a size capable of 
inserting the raw material 5 in a fitted and slidable manner. In the first embodiment; the 
guide 20 Is a hollow-pile^lkB member, and the insertion passage 22 of ttie guide 20 Is a 
insertion aperture. 

As shown in Rg. 2, tiie edge portion of the leading end surface of the guide 20 at 
the side of the Insertion passage 20 is beveled around the entire periphery thereof, and 
therefore the aoss-secbonal shape of the edge portion is fbnned Into a round shape. In Rg. 
2, the reference numeral ''23" denotes a beveled portion fonned at the edge portion. 

The punch 30 is used for pressing (giving pressure to) the raw material 5 held in the 
insertton passage 22 of the guide 20 In a manner such that the raw material 5 is prevented 
fiTom being buckled in the axial direction. In Fig. 2, the anow 50 shows the moving direction 
of the punch 30 when the taw material 5 is pressed with the punch 30. 

Furthemriore, the swaging apparatus 2 is equipped with a pressing apparatus (not 
shown) for giving pressing force to the punch 30. This pressing apparatus is connected to 
tlie punch 30 so that pressing force is given to the punch 30 with hydrostatic pressure (e-g^ 
oil pressure, gas pressure) or the like. l=urthemiore, tiiis pressing apparatus Is equipped with 
a control apparatus (not shown) for controlling the moving rate of the punch 30, i.a, the 
pressing speed of the raw material 5 by the punch 30. 

The guide driving device 40 is a device for moving the guide 20 In a direction 
opposite to the punch moving direction 50, and is connected to the guide 20. In Rg. 2, the 
arrow 51 Illustrates the moving direction of the guide 20 moved by the guide driving device 
40. This guide driving device 40 gives driving force to the guide 20 by hydrostatic pressure 
(e.g., oil pressure, gas pressure), an elecbic motor, a spring, or the like (not shown). 
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Furthermore, this guide driving device 40 is equipped with a Gontrol apparatus (not shown) 
for oontnolling the moving speed of the guide 20. 

Nexl^ the forging method using the forging apparatus lA according to the first 
embodiment will be explained as follows. 

Initially, as shown in Rgs. 1 and 2, the raw material 5 is fixed to the fixing die 10 by 
fitting the lower end portion of the taw material 5 into the raw material fixing and fitting 
aperture 12 of the fixing die 10 in a state in which the one end portion (i.e., portion to be 
enlarged in diamel3er) of the raw material 5 "is protmded upwardly. By fixing the raw 
material 5 as mentioned above, the raw material 5 becomes Immovable in the axial direcbon 
thereof. Then, the one end portion of the raw material 5 is inserted into the Insertion 
passage 22 of the guide 20 to thereby hold the one end portion of the raw material 5 In a 
manner such that the raw material 5 Is prevented from being buckled. 

FtJrthemiore, an initial clearance X is provided between the guide 20 and the fbdng 
die 10. The distance of the initial clearance X is set to the buckling limit length or less at the 
cross-sectional area of the exposed portion 8 of the raw material 5 exposed between the 
guide 20 and the fixing die 10 in the state prior to the initiation of the movement of the 
punch 30 (i.e., before the pressing of the raw material 5 by the punch 30). In the invention, 
the buckling limit length denotes a buckling limit length by punch pressing force. 

Then, in a state in which the entire periphery of the exposed portion 8 of the raw 
material 5 exposed between the gukJe 20 and the fixing die 10 is not restrained, while 
pressing the raw material 5 with the punch 30 in the axial direction by moving the punch 30, 
the guide 20 is moved by the guide driving device 40 In a direction opposite to the punch 
moving direction 50 so that the length of the exposed portion 8 of the raw material 5 
becomes the buckling limit length or less at the cross-sectional area of the exposed poriion 8 
of the raw material 5. At this time. In the first embodiment;, a time lag Is set between the 
iniliation of the movement of the punch 30 and the initiation of the movement of the guide 
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* 

20. That Is, at the time of pressing the taw material 5 with the punch 30, the position of the 
guide 20 is fixed, and tiien the punch 30 is advanced to press tiie law material 5 in tiie axial 
direction. After the time lag has passed, while pres^ng the raw material 5 with the punch 
30, the guide 20 is moved In a direction 51 opposite to tiie punch moving direction 50. The 
moving speed of the guide 20 is controlled by the guide driving device 40 so that tiie length 
of the exposed portion 8 of ttie raw material 5 becomes the buckling limit length or less at 
the cros&-sectional area of the exposed portion 8 of tiie raw material 5. 

In the present invention, tiie moving speed dt tiie punch 30 can be constant or 
variable. Similarly, the moving speed of tiie guide 20 can be constant or variable. 

The time lag is set such that the total volume of a volume of tiie exposed portion 8 
of the raw material 5 exposed wltiiin tiie range of the initial clearance X at the time prior to 
the initiation of the movement of tiie punch 30 (i.e^ at tiie time prior to the swaging) and an 
increased volume of ttie raw material 5 to be increased during the time lag witiiin tiie range 
of the initial clearance X does not e>coeed the volume of tiie raw material 5 existing within tiie 
range of the initial clearance X in tiie sdieduled shape (see Rg, 4) of tiie enlarged diameter 

ft 

portion 7 of Oie raw material 5 to be fbrnied by tiie swaging Ci.e., tiie volume of the 
cross^iatched portion Z of tiie enlarged diameter portion 7). 

The time lag to is represented by to=VQ/(SP), where ''Vo" is an ina^sed volume of 
tiie raw material 5 to be increased during tiie time lag to within the range of the initial 
clearance X, "P" Is an average moving speed of tiie punch 30 ftom tiie initiation of the 
movement, and '"S" is a cross-sectional area of tiie raw material 5 before tiie swaging. 

In accoirlanoe witii tiie movement of tiie punch 30 and tiiat of tiie guide 20, tiie one 
end portion of tiie raw material 5 is gradually increased in diameter. As shown in Rgs. 3 and 
4, when tiie leading end of tiie punch 30 has reached tiie leading end position of the guide 
20, tiie one end portion of tiie raw material 5 is increased in diameter into a piedetennined 
shape, and tiie swaging processing of tiie one end portion of tiie raw material 5 is completed. 
Thereafter, the raw material 5 is detached from tiie fixing die 10. Thus, a predetemilned 
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forged product can be obtained. 

In the first embodiment, in ttie state in wliidi the entire periptiery of the exposed 
portion 8 of the raw material 5 exposed between the guide 20 and the fixing die 10 is not 
resbained, one end portion of the raw material 5 is subjected to swaging piooessing. 
AcxDordingly, this swaging meihod is classified into a free swaging method. Thus, the one 
end portion of the raw material 5 can be subjected to the swaging processing under lower 
forming pressure. 

Furthermore, in this swaging method, the swaging processing can be performed 
without using expense dies for forming the one end portion of the raw mat^l 5 into a 
liMBdetenfTiined shape, resulting in reduced manufacturing cost 

l=urthermore, the swaging processing of the one end portion of the raw material 5 is 
performed while pressing the raw material 5 by moving the guide 20 in a direction 51 
opposite to the punch moving direcdon 50 so that the length of the exposed portion 8 of the 
raw material 5 becomes the buckling limit length or less at tlie aoss-secdonal area of the 
exposed portion 8 of the raw material 5. Therefore, the oocumence of buckling of the raw 
material 5 which may sometimes be oocumed due to the pressing force against the raw 
material 5 by the punch 30 can be pr^Aented. 

Furthennore, the initial clearance X having a predetermined distance is provided 
between the guide 20 and the fixing die 10. Therefore, the buckling of the exposed portion 
8 of the raw material 5 exposed within the range of the initial clearance X behween the guide 
20 and the fixing die 10 can be prevented immediately after the initiation of the movement of 
the punch 30, and fortlier the moving length (stroke) of the guide 20 can be shortened. 

Furthermore, the time lag from the initiation of the movement of the punch 30 to 
the initiation of the movement of the guide 20 is s^ sudi that the total volume of a volume 
of the exposed portion 8 of the raw material 5 exposed within the range of the Initial 
dearanoe X at the time prior to the Initiation of the movement of the punch 30 and an 
increased volume of the raw material 5 to be increased during the time lag within the range 
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of the initial dearanoe X does wt exceed the volume of the raw material 5 existing v\flthin the 
range of tlie initial dearanoe X In the scheduled shape of the enlarged diameter portion 7 of 
the raw material 5 to be fomned b/ the swaging. Therefore, tiie one end portion of tiTe raw 
material 5 can be assuredly increased in diameter into a predetErmined shape. 

Accordingly, in the forging method according to the first embodiment a high quality 
forged product (swaged product) can be obtained at low cost 

Furthermore, since the edge portion of the leading end surface of the guide 20 at 
the side of the insertion passage 22 is beveled, the guide 20 can effectively receive the back 
pressure fiXMTi the exposed portion 8 of ttie raw material 5 at tiie time of swaging. Thus, in 
the guide driving device 40 for moving the guide 20, the driving force required to move the 
guide 20 can be decreased, and therefore the guide 20 can be moved vvith the guide driving 
device 40 having smaller driving force. 

Next; preferable processing conditions for the forging method of this emlxxJiment 
will be explained. In the fbllowfng explanation, P, G, Xo, Xi, X, to and T denote as follows: 

"P" is the average moving speed of tiie punch 30 from the initiation of the 
movement^ 

is the average moving speed of tiie guide 20 from the initiation of the 

movement; 

^'Xo" is the buckling limit lengtti at the cross-sectional area of tiie raw material 5 
before the swaging prooes^ng; 

"Xi" is tiie buckling limit lengtii at tiie cross-sectional area of tiie enlarged diameter 
portion 7 of the raw material 5 after the swaging processing; 

"X" is the initial clearance between the guide 20 and ttie fixing die 10 (O^X 

^Xo); 

' V is the time lag from the initiation of the movement of the punch 30 to the 
Initiation of the movement of the guide 20 (O^to); 

''L" is tiie lengtii of the enlarged diameter portion 7 of tiie raw material 5 after tiie 
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swaging proo^ng; 

"lo" is the length cf the raw material 5 before the swaging processing required for tiie 
enlarged dIametEr portion 7; and 

'T' is the swaging pncx::esang time fVom tiie initiation of the movement of the punch 

5 30. 

In the forging metiiod of this emtiodiment;, if tb<X it Is preferable tiiat "G" satisfies 
the following relational expression: 

(L-X)/[(l(rL)/P^b]^G^P(Xl-X)/(l(^Xl-Ptb) ' ' '(i) 

When "G" satisfies the aforementioned refational expresaon (i), it is possible to 
10 prevent a problem that there remains an un-en!arged diameter portion at one end portion of 
the raw material 5 when tiie movement of the punch 30 is completed O-e., vytien the swaging 
processing is completed), which in tum assuredly aiables the one end portion of the raw 
material 5 to be oilarged in diameter into the prectetermlned shape. It Is also posable to 
assuredly prevent the occurence of budding of tiie raw material which may sometimes be 
15 generated during the swaging processing. 

The reasons for setting the aforementioned relational exprsdon for "G" in tiie 
aforementioned relational ex|:»es^on will be explained as follows. 
<Ljower limit of "G"> 

In cases where tiie leading end of tiie guide 20 Is located at a portion lower ttian the 
20 position of ttie leading end of the punch 30 when tiie movement of tiie punch 30 is 

completed, a non-processed portion remains at tiie one end portion of tiie raw material 5. 
In this situation, the one end portion of the raw material 5 cannot be enlarged in diameter 
into ttie scheduled shape. In order to solve such a problem, it Is necessary that the position 
of the leading end of the guide 20 and tiiat of the punch 30 coincide witii each otiier when 
15 tiie movement of tiie punch 30 is completed. That is, at tiie lower limit of "G," it is 

necessary tiiat tiie time (l(rL)/P required for tiie punch 30 to move from tiie height position of 
lo to tiie height position of "L" is equal to the time required tiiat tiie distance between ttie 
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guide 20 and the fixing cTie 10 becxjmes from X to L by the movement of the guide 20. 
Aocordingty, "G" is required to satisfy the fblbwing reiational expression: 
(L-X)/[(lo-L)/P-tb]^G •••(i-a) 

<Upper limit of "G"> 

The condition of the upper limit of "G" Is that the length of the exposed portion 8 of 
the raw material 5 wrtiei the leading end position of the guide 20 and that of the punch 30 
coincide with each other is the buckling limit length or less at the cuBs-secbonal area of the 
exposed portion 8 of tiie raw material 5. 

When the leading end position of the guide 20 and tiiat of tJie punch 30 coincide, 
the following equation (l-b) is satisfied. 

l(rPT=X+GCr-t<)) • • ■ (i-b) 

From the above equation (i-b), T is represented by the following equation (l-c). 
T=P(rX+Gtb]/(6+P) • • • (i-c) 

l=urthemx>re, in order to prevent the occurrence of bucJdIng of the taw material 5, it 
Is required that the lengtii X+G(T-to) of the exposed portion 8 of tiie raw material 5 when the 
leading end of tiie guide 20 coincides with the leading end of the punch 30 is the budding 
limit lengUi Xi or less at the cross-sectional area of the enlarged diameter portion 7 of the raw 
material 5 at the time of the completion of the swaging processing (i.e., at the time of tiie 
completion of the movement of the punch 30). Therefore, the following equation (l-d) Is 
satisfied. 

X+G(T-tb)^i •••(l-d) 

By substituting the aforementioned equation (i-c) for the aforementioned inequality 
(i-d), the folbwing relational expression (i-e) can be obtained. 
G^P(Xi-X)/(lo-Xi-Ptb) • • • (i-e) 

From tiie aforementioned inequaPrties (l-a) and (i-e), tiie aforementioned relational 
expression (i) can be obtained. 
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In the aforementioned relational expression (i), if "G" is less than the fower limit, a 
problem that some of the one end portion of the taw material 5 remains un-enlarged In 
diameter at the time of the completion of the movement of the punch 30 (i.e., at the time of 
the completion of the swaging processing) will be generated. As a result^ the end portion of 
the raw material 5 cannot be enlarged in diameter into a scheduled shape. To the contrary, 
if "G" exceeds the upper limits a problem that the exposed portion 8 of the raw material 5 will 
be buckled at the time of swaging processing. Accordingly, It is preferable that ''G" satisfies 
the aforementioned relational expression (i). 

In the case of O^T^to, G is zero (G=0). 

In the present Invention, it is espedally preferable that the time lag tb is larger than 
2sro,0<tb. The reason is as follows. That is, in the case of 0<to, at the time immediately 
after tiie initiation of tiie movement of tiie punch 30 (i.e^ at the time Immediately after ttie 
initiation of tiie swaging prooesa-ng), the exposed portion 8 of tiie raw material 5 exposed 
witiiin tiie range of tiie Initial clearance X between tiie guide 20 and tiie fixing die 10 
Increases In diameter, nils Increases tfie buckling limit lengtii of tiie exposed portion 8 of 
tiie raw material 5, and tiierefore tfie oocumenoe of buckling can be assuredly prevented. 

In tiie present invention, however. It Is not necessarily required to set a time lag tb, in 
otiier words, tiie time lag tb can be zero, i.e., tb=0. 

Furthemnore, in tiie present Invention, In cases where tiie cross-section of tiie 
enlarged diameter portion 7 of die raw material 5 is not constant atong tiie axial direction 
tiiereof after ttie svwaging processing, it is preferable Uiat a crass-sectional area considering 
tiie shape of tiie enlarged diameter portion 7 Is employed as a cross-sectional area of tiie 
enlarged diameter portion 7 of tiie raw material 5 at tfie to'me of tiie completion of tfie 
swaging processing. I=br example, an average cross-sectional diameter of tfie enlarged 
diameter portion 7 is preferably employed. Otiier tiian tiie above, a minimum or maximum 
aoss^secOonal area of tiie enlarged diameter portion 7 can be employed. 



wo 2005/011893 



29 



PCT/JP2004/011331 



Rgs. 5 to 13 are schematic \A&a/s for explaining a forging method using a forging 
apparatus according to a second embodiment of the F»iesent Invention. In Rg. 6, the 
reference numeral "IB" denotes a forging apparatus of the second embodiment; and ''5" 
denotes a raw material. In Rg. 5, the reference numeral "3" denotes a forged product 
manufactured by the forging apparatus IB. 

As shown In Rg. 6, the raw material 5 is a straight bar-shaped member similar to the 
raw material in the aforementioned first embodiment The cross-section of the raw material 
5 is square. In this raw material 5, the scheduled enlarged diam^sr porticHis 6 of the raw 
material 5 are one end portion of the raw material 5 and the other end portion tha^. In 
Rg. 9, "lo" denote the length of the non-swaged raw material 5 required for the enlarged 
diameter portion 7. The other sbiictures of this raw material 5 are the same as those In the 
first embodiment 

The fbrged product 3 Is a product to be used as a spanner (wrench) (in detail, 
double-end spanner (wrench)) as shown In Rg. 5, and is manufactured by enlarging the one 
end portion of the raw material 5 and the other end portion thereof Into an enlarged 
diameter portion 7 having a flat shape with a prescribed thickness respectively and then 
subjecting each enlarged diameter portion 7 to a secondary forging processing. That is, this 
forged product 3 is a bar-shaped product with enlarged diameter portions 7 and 7 at both 
ends. The enlarged diameter portion 7 formed at one end portion of this forged product 3 
and that formed at the other end portion are diflia^t in size. 

As shown in Rg. 6, in the forging apparatus IB, the fixing die 10 is provided with a 
raw material fixing and fitting dented portion 12 In which the raw material 5 is fitted in a 
fixed manner. Rjrthermore, the fixing die 10 is comprised of a plurality of divided dies 
divided at the dividing face dividing tiie raw nraterial fixing and fitting dented portion 12 
along the length thereof. In this second embodiment; the fixing die 10 Is divided into an 
upper fixing die 11 and a low/er fixing die 11. These two fixing dies 11 and 11 are same in 
structure. 
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In Figs. 9 to 13, for the sake of explanation, the upper fixing die 11 among the fixing 
dies 11 and 11 is onnitted. 

In this fixing die 10, the axial central portion of the raw material 5 is fitbed in the raw 
material fixing and fitting dentsed portion 12 with both end portions of the raw material 5 
protruded in the opposilB directions. In the state in which the raw matErial 5 is fitted in tiie 
raw material fixing and fitting dented portion 12, the one end portion of die raw matierial 5 
and the other end portion thereof are simultaneously subjected to swaging processing, 
cauang the raw material 5 to be fDoed to the fi>dng die 10 so as not to be moved in the axial 
directicvi at the time of SiNagirtg procssang. At tiie one end portion of the fixing die 10 and 
tiie other end portion thereof^ a resb^ining die portion 15 is integrally formed respectively. 
TTie structure of the resbaining die portion 15 will be explained later. 

The forging apparatus IB Is equipped vwth two guides 20 and 20 and two punches 
30 and 30 for swaging two portions, i.e., one end portion of the raw material 5 arel the otfier 
end portion thereof. 

Each guide 20 has a passage 22 for holding the raw material 5 in a buckling 
preventing manner as shown in Rg. 6. In the second embodimentr the guide 20 is 
constituted by a pair of guide members 21 and 21 disposed at a certain distance at botti 
sides the insertion passage 22. 

The edge portions of the leading end surface of the guide 20 are beveled at the 
sides of the passage 22, and tiierefore the edge portions are rounded. In the second 
embodiment; tiie entire leading edge surface of the guide 20 Is fonmed Into a concave 
surface. In Rg. 6, tiie reiierence numerar'23" denotes a beveled portion. Theottier 
sbxjchjnes of tiiis guide 20 are tiie same as those In the first embodiment 

* 

To each guide 20, a guide driving device 40 is connected. TTie sburture of the 
guide driving device 40 is tiie same as tiiat in ttie aforementioned first embodiment 

To each punch 30, a pressing device (not shown) for giving pressing force to the 
punch 30 is connected. The shxidure of the punch 30 and that of tiie pi^ng device are 
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■ 

the same as that in the aforementioned first embodiment 

As shown in Rgs. 6 and 9, the restraining die portions 15 and 15 of the upper and 
lower fixing dies 11 and 11 constituting tiie fodng die 10 are used to restrain a part of the 
periphery of the exposed portion 8 of the raw material 5 exposed between the guide 20 and 
5 the fixing die 10. In this second embodiment;, the resbaining die portion 15 resbalns the 
exposed portion 8 by contacting the thickness ddes of the exposed portion 8. 

The resfraining die portion 15 is provided with a forming dented portion 17. In this 
second embodiment^ a part of the forming surface of tiie forming derrtjed portion 17 (more 
spedfically, the side surface of the forming dented portion 17) constitutes a resb^in 

10 functioning sur^oe of the restraining die portion 15. lUs fomiing dented portion 17 is 
dosed, i.e., the forming dented portion 17 of the nesbalning die portion 15 Is not provided 
with a flash fomiing dented portion. 

FUrtiiennone, as shown in Rg. 6, each resbaining die portion 15 is provided with a 
second punch fitting aperture 16. In tills second punch fitting aperture 16, a second punch 

15 32 IS fitted. In the state in which tiie second punch 32 is fitted in tiie fitting aperture 16, tfie 
leading end surface of tiie second punch 32 is flush witti tiie resbgin fonctionlng surface of 
ttie resbaining die portion 15. Tills second punch 32 is moved toward the forming dented 
portion 17 to press the enlarged diameter portion 7 of tiie raw material 5 (see Rg. 13). TTie 
pressing of the enlarged diameter portion 7 of tiie raw material 5 by tiie second punch 32 

20 causes tiie fomiing dented portion 17 to be filled witii tiie material of the enlarged diameter 
portion 7. To tiie second punch 32, a second pressing apparatus (not shown) for giving 
pressing force to tiie second punch 32 is connected. TTiis second pressing apparatus Is 
driven by, for example, fluid pressure (oil pressure or gas pressure) to give prying force to 
the second punch 32. 

t 

15 In Rgs. 9 to 13, for tiie sake of explanation, tiie right side second punch 32 is 

Illustrated vynth ttie position shifted upwanjiy. 



wo 2005/011893 PCT/JP2004/011331 

32 

Hen^naftei; a fiDrging metJiod ising the forging apparatus IB of the second 
embodiment will be explained. 

As shown in Figs. 7 to 9, the axial cenbal portion of the raw material 5 is fitted in the 
raw material fixing and fitting dented portion 12 of the fixing die 10, and the raw material 5 is 
fixed to the fixing die 10 with both end portions as scheduled enlarged diameter portions. 6 
protruded. The one end portion of the raw material 5 and the other end portion thereof are 
inserted in the respective corresponding passages 22 of the guides 20, to thereby hold the 
one end portion of the raw material 5 and the other end portion thereof in a buckling 
preventing state. In this state, the leading end surface of the second punch 32 is flush with 
tfie restrain functioning surface of the restraining die portion 15 (see Fig. 8C). 

Then, as shown in Rg. 9, an initial dearanoe X is provided behween the guide 20 and 
the fixing die 10. The distance (range) of this initial clearance X Is set to be the buckling 
limit length or less at tlie cross-secb'onal area of the exposed portion 8 of the raw material 5 
exposed between the guide 20 and the fixing die 10 in the state prior to the initiation of ttie 
movement of the punch 30 (i.e., the initiation of the pressing of ttie raw material 5 by the 
punch 30) in the same manner as in the aforementioned first embodiment 

Then, in the state in wWch a part of the periphery of the exposed portion 8 of the 
raw materia! 5 Is restrained by the restraining die portion 15 between the guide 20 and the 
fixing die 10, while pressing the raw material 5 In the axial direction with ttie punch 30 by 
simultaneously moving both punches 30 and 30, both guides 20 and 20 are moved in a 
direction 51 opposite to the comesponding punch moving direction 50 so ttiatttie length of 
ttie exposed portion 8 of ttie raw material 5 becomes ttie bud<ling limit lengtti or less at the 
cros&^ectional area of ttie exposed portion 8 of ttie taw material 5. At tills time, a time lag 
Is sd: between tfie initiation of the movement of each punch 30 and ttie initiation of the 
movement of each guide 20. In detail, at ttie time of initiating tiie pressing of tire raw 
material 5 by ttie punch 30, the position of each guide 20 Is fixed, and ttien ttie raw material 
5 Is pressed in ttie axial direction by each punch 30 by moving the punch 30. This causes 
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the exposed portion 8 of the raw material 5 exposed between the guide 20 and the fodng die 
10 (1.6., within the range of the Initial clearance X) to be enlarged In dlanieter. 

After the time lag has passed, while continuously presdng the raw material 5 with 
each punch 30, each guide 20 Is moved in the direction 51 oppoabe to the punch movflng 
direction 50. In the case of moving the guide 20, the moving speed of each guide 20 is 
cortrolled by each guide driving device 40 such that the length of the exposed portion 8 of 
the raw material 5 becomes the buckling limit length or less at the cross-sectional area of the 
exposed portion 8 of tfie raw material 5. 

The time lag Is set such that the tsotal volume of a volume of the exposed portion 8 
of the raw nnaterial 5 exposed within the range of the initial clearance X at the time prior to 
the initiation of the movement of the punch 30 O^v prior to the swaging processing) and an 
Increased volume of the raw material 5 to be increased during the time lag within the range 
of the initial dearanoe X does not exceed the volume of the raw material 5 existing within the 
range of the initial clearance X in the scheduled shape (see Rg. 12) of the enlarged diameter 
portion 7 of the raw material 5 to be fomried by the swaging processing. 

m aooondanoe with the movements of the punches 30 and the guides 20 and 20, as 
shown In Rg. 11, the one end portion of the raw material 5 and the other end portion thereof 
are gradually simultaneously inaeased in diameter. As shown In Rg. 12, when the leading 
end of each punch 30 has reached the leading end position of the corresponding guide 20, 
the one end portion of the raw nnaterial 5 and the other end portion thereof are 
simultaneously enlarged in diameter into a scheduled approximately round plate shape 
(enlarged diameter portion 7), respectively, and thus the swaging processing of the one end 
portion of the raw material 5 and the other end portion thereof is completed. The reference 
letter "L" denotes the length of the enlarged diameter portion 7 of the raw material 5 after 
the swaging processing. The obtained raw material 5 shown In Rg. 12 becomes a preform 
of the forged product 3 of a scheduled design shape shown in Rg. 5. 

Thereafter, as shown in Rg. 13, both the enlarged diameter portion 7 and 7 of the 
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raw material 5 are pressed simultaneously In the thickness direction with both the second 

* 

punches 32 and 32 to thereby fill the fbmfiing dented portion 17 with the material of the 
enlarged diameter portions 7, respectively, by ddbmriing the enlarged diameter portion 7 
within the forming dented portion 17, respectively- Each second punch 32 also functions as 
a forming protruded portion. "Therefore, by pressing tine enlarged diameter portion 7 with 
the second punch 32, a dented portion 9 corresponding to the second punch 32 Is formed on 
each of both surfaces of the enlarged diameter portion 7 in the thickness directton. In the 
second embodimerrtr the dented portions 9 are formed so as to paietrate the enlarged 
diameter portion 7 In the thickness direction. 

By the aforementioned processing, the forged product 3 of the scheduled design 
shape shown in Rg. 5 is manufactured. 

The foiging method of the second embodiment has the following advaitages In 
addition to the advantage of tiie first emtxjdiment 

Since the swaging processing is executed simultaneously to the one end portion of 
the raw material 5 and the other end portion thereof, the processing efficiency of the swaging 
processing can be enhanced. 

Furthemnore, the forged product 3 of the scheduled design shape can be obtained 
without removing the raw material 5 from the fixing die 10 or attaching another die after the 
execution of the swaging processing of the one and the other end portions of the raw 
material 5. Accordingly, the number of dies or processing steps can be decreased, resulting 
In reduced manufacturing cost 

Furthermore, since the fomiing dented portion 17 is dosed, it is not required to 
peribrm flash removing processing after the compledon of the fomiing processing. 

Therefore, the processing steps can be further decreased, and the product yield rate can be 
improved. 

In the forging method of the second embodiment; In the same manner as in the 
aforementioned first embodiment, in the case of tb<T, it is preferable that the average 
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moving speed G of the guide 20 satires the aforementioned relational expres^on (i). 

In tiie present invention, it is not necessarily required to set a time lag to, in other 
words, the time lag can be zero. I.e., to=0. 



Rgs. 14 and 15 are schematic views for explaining a forging method ua'ng a forging 
apparatus according to a third embodiment of the present invention. In Rg. 14, the 
referenoB numeral *1C' denotes a forging apparatus of tfie third embodiment;, and "5" 
denotes a raw material. 

The forging apparatus IC of the third embodiment is an apparatus to be used for 
manufacturing the forged product 3 shown in Rg. 5. In tills forging apparatus IC, in tiie 
fixing die 10 and the restraining die portion 15, a flash forming dented portion 18 continuing 
from tiie fbnning dented portion 17 is provided. That fe, this fbmilng dented portion 17 Is 
semi-dosed (semi-sealed). TTie other structures of this fbrglng apparatus IC are the same 
as those of the second embodimait 

In Rg. 15, for the sake of explanation, tiie upper fixing die 11 among tiie upper 
fixing die 11 and tine lower fbdng die 12 constituting tiie fixing die 10 Is omittsed. 
Rjrtiiermore, In this figure, tiie second punch 32 Is iilusbated in a manner shifted to the right 
upper side. 

In this forging apparatus IC, as shown in Rg. 15, after simultaneously performing 
tiie swaging processing to ttie one end portion of tiie raw material 5 and the otiier end 
portion thereof, botii tiie enlarged diameter portions 7 and 7 of tiie raw material 5 are 
a'multaneously pressed with both tiie second punches 32 and 32, to ttiereby fill tiie fbnning 
dented portions 17 and 17 and tiie flash fbmiing dented portion 18 with the material of ttie 
enlarged diameter portions 7 and 7 by plastically deforming the enlarged diameter portions 7 
and 7 witiiln tiie corresponding fbnning dented portion 17. Thus, a fbiped product witii a 
flash 4 can tie manulactured as a forged product having a shape approximate to the 
scheduled design shape. Thereafter, by removing tiie flash 4, tiie forged product 3 of the 
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scheduled design shape shown In Rg, 5 can be obtained. 

According to the forging metfKxl of the third embodiment; ^nce the material of the 
enlarged diameter portion 7 of the raw material 5 is filled into the forming dented portions 17 
and 17 and the flash fonning dented portion 18 by pressing the enlarged diameter portion 7 
of the raw material 5 with the second punches 32 and 32, the processing of the enlarged 
diameter portion 7 of the raw material 5 can be performed under lower forming pressure. 
Furthermore, tJie load to be applied to the forming dented portion 17 at the time of 
processing can be decreased, resulting In an extended life of the fomiing dented portion 17. 

In the forging method of the third embodiment, in the same manner as in the 

ft 

aforementioned first embodiment, in the case of tb<X It is preferable that the average 

» 

moving ^3eed G of the guide 20 satisfies the aforementioned relational expression (1). 

Rgs. 16 and 17 show ttie state after swaging processing is performed to the axial 

central portion of the taw material 5 by the forging apparatus lA according to the first 

embodiment lA. TTie scheduled enlarged diameter portion 6 <tf the raw material 5 is an 

axial central portion of the raw material 5. In this case, the forging method is pertbrmed as 
follows. 

Ri^ the lower end portion of the taw material 5 Is fitted in the raw material fixing 

and fitting aperture 12 of the fixing die 10 so tiiat the law material 5 Is fixed to tiie fixing die 

10 with the region from the axial cential portion (scheduled enlarged diameter portion 6) of 

the raw material 5 to the upper end tiiereof upwardly protruded. Then, the region from tiie 

axial central portion (scheduled enlarged diameter portion 6) of the raw material 5 to the 

upper end tiiereof is Inserted Into the insertion passage 22 of the guide 20 to thei^y hold 

the axial central portion of tiie raw material 5 by the guide 20 in a budding preventing 
manner. 

ThereaflEr, an initial clearance X is fomned between the guide 20 and the fixing die 
10 (see Rgs. 1 and 2). In tiie same manner as in tine first embodiment, this deaiance X is 
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set to the buckling limit length or less at the cross-sedional area of the exposed portion 8 of 
the raw material 5 exposed between the guide 20 and the fixing die 10 in the state prior to 
the initatjon of the movement of the punch 30 O.e., the pressing of the raw material 5 by the 
punch 30). 

5 Then, In the state In which the oitSre periphery of the exposed portion 8 of the raw 

material 5 exposed between the guide 20 and the fixing die 10 is not restrained, while 
pressing the raw material 5 with the punch 30 In the axial dinecbon by moving the punch 30, 
the guide 20 is moved with the guide driving device 40 in a direcbon opposite to the punch 
moving direction such that the length of the exposed portion 8 of the raw material 5 

10 becomes the buckling limit length or less at the crossrsecttonal area of the exposed portion 8 
of the raw material 5. At this time, a time tag Is set between the initiation of the movement 
of the punch 30 and the initiation of the nrKJvement of the guide 20. 

In aocordanoe with the movements of the punch 30 and the guide 20, the one end 
portion of the raw material 5 is gradually enlarged in diameter. As shown in Rgs. 16 and 17, 

L5 when the leading end of the punch 30 has reached a predetenrtined height position, tiie axial 
central portion of tiie raw material 5 is enlarged in diameter into ttie scheduled spindle shape 
(tiie enlarged diameter portion 7). Thus, ttie swaging pnocesdng of tiie axial central portion 
of tiie raw material 5 Is completed. By taking tfie raw material 5 out of tiie fixing die 10, a 
desired fiorged product can be obtained. 

io In tfie forging mettiod of tills embodiment; in tiie same manner as in tiie 

aforementioned first embodiment, in tiie case of tb<T, It is preferable ttiat ttie average 
moving speed G of tiie guide 20 satisfies tfie aforementioned relational expression (i). 

Altiiough several preferable embodiments of tiie present invention have been 
explained, it should be note tiiat ttie present Invention Is not limited to ttie embodiments. 

5 For example, in ttie present invention, swaging processing can be executed to ttie 

scheduled enlarged diameter portion 6 of ttie raw material 5 witfi ttie raw material 5 heated 
to a predetemnined temperatiire or not heated. In ottier words, ttie forging mettiod of ttie 
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■ 

present invention can be a hot forging meOiod or a coid forging method. 

Furthemiore, in cases where enlarged diameter portions 7 and 7 are fomied at both 
end portions of the forged produd; the enlarged diameter portions can be the same In shape, 
different In shape, the same in size or different in size. 

In the present Inventton, In cases where a scheduled enlarged diameter portion 6 of 
a raw material 5 is an end portion (i.e., one end portion or the other end portion) of the raw 
material 5 and a forged product 3 Is obtained by fonning an enlarged diameter portton 7 at 
an end portion of the raw material 5 by subjecting the scheduled enlarged diameter portion 7 
to swaging processing, the enlarged diameter portion 7 can be fomied at tiie end portion of 
the forged product 3 and a non-swaged portion 5a can remain at a portion outside the 
enlarged diameter portion 7 fomied at the end portion of the forged product 3 as shown in 
Rg. 18B, or tiie enlarged diameter portion 7 can be formed so that non-swaged portion does 
not remains at the end portion of the forged prxxluct 3. 

* 

According to the fomier forged product 3, in cases where a predetemiined portion of 
the forged product 3 such as the enlarged diameter portion 7 Is subfjecfced to after prt)oessing, 
the nonaged portion 5a can be chucked with a chuck (not shown), enabling easy after 
prooesang. 

On the other hand, according to the later forged product 3, since no nonaged 
portion remains at the end portion of the forged product 3, it is not necessary for the 
non^ed portion to be subjected to processing, resulting in reduced manufacturing steps. 

FUrthemnore, in the present invention, as shown In Rg. 19, the opening edge portion 
of the raw material fixing and fitting aperture 12 can be beveled. The reference numeral 
^3" denotes a beveled portion fomied at tiie opening edge portion. In tills figure, beveling 
processing has been pertbmied to tfie entire circumference of the opening edge portbn, and 
ttierefore tiie cross-sectional shape of tiie opening edge portion Is rounded. 

m tfie present Invention, tiie forged product 3 Is not limited to a bar-shaped product 

Furthennore, ttie forged product 3 obtained by tiie forging method of tiie present 
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Invention is not limited to those shown in the aforementioned emixxliments, and can be, for 
example, arm members, shaft members or cnnnecdng nods for use in automobiles, or 
dual-head pistons for use in compressors. 

m cases where a forged product 3 obtained by the forging method of the present 
Invention Is an automobile arm member (e.g., a suspension arm or an engine mount), the 
forging method of the present invention can be defined as follows. 

That is, a forging method for manufacturing an automobile ami member 
char^rized in that the method uses a swaging apparatus equipped with a fixing die for 
fixing a bar-shaped raw material, a guide having an insertion passage for inserting and 
holding the raw material in a budding preventing state, and a punch for pr^ng the raw 
material Inserted in and held by the insertion passage of the guide in an axial dirnlion of the 
raw mataial, 

wherein a scheduled enlarged diameter portion of the raw material fixed to the 
fDdng die with the scheduled enlarged diameter portion prx)tRjded is Inserted into the 
Insertion passage of the guide, and 

thereafter, while pressing the raw material with the punch by moving the punch, in a 
state in which a part of a peripheral surtace of an exposed portion of the raw material 
exposed between the guide antfihe fodng die is restrained or an entire peripheral surface of 
the exposed portion of the raw material Is not restrained, the scheduled enlarged diameter 



portion oftlieidw material Is-subjected to swaging processing by moving the guide in a 
direction opposite to a moving direction of the punch so that a length of the exposed portion 
of the raw material becomes a buckling limit length or less at a ODswedional area of the 
exposed portion of the raw material. 

m this ose, the scheduled enlarged diameter portion of the raw material will be, for 
example, a scheduled portion for forming a coupling portion to be connected to another ' 
member. The coupling portion has, for example, a bush mounting portion to which a bush 
is mounted, "me bush mounting portion can be cylindrical for example. 
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In the case vvhens the forged pixxiuct 3 tD be obtained by the fb^ method of the 
present invention is an automobile shaft member (e.g., a propeller shaft), the forging method 
of the present invention can be defined as follows. 

TTiat is, a method of manufacturing a shaft member for use in automobiles 

characterized in tl^t a forging method uses a swaging apparatus equipped with a fixing die 

for fixing a bar-shaped raw material, a guide having an Insertton passage for inserting and 

holding the raw material in a budding preventing state, and a punch for pi^ng the raw 

material inserted In and held by the insertion passage of the guide in an axial direction of the 
raw material, 

wherein a scheduled enlarged diameter portion of the raw material fixed to the 
fixing die with the scheduled enlarged diameter portion protmded Is inserted into the 
insertion passage of the guide, and 

thereafter, while pressing the raw material with the punch by moving the punch. In a 
slate In which a part of a peripheral surface of an exposed portion of the raw material 
exposed between the guide and the fixing die is resbained or an entire peripheral surface of 
the exposed portion of the raw material is not restrained, the scheduled enlarged diameter 
portion of the raw material is subjected to swaging processing by moving the guide in a 
direction opposite to a moving direction of the punch so that a length of the exposed portion 
of the raw material becomes a buckling limit length or less at a oos&^ectional area of the 
exposed portion of tJie raw material. 

In this case, the scheduled enlarged diameter portion of the raw material can be a 
scheduled portion for fomiing a coupfing portion to be connected to another member for 
example. 

m the case where the forged product 3 to be obtained by the foiging method of the 
present invention is an automobile connecting rod, the forging method of the present 
invention can be defined as follows. 

That is, a method of manufacturing an automobile connecHng rod characterized in 
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that a fbrging method uses a swaging apparatus equipped with a fixing die for fixing a 
bar-shaped raw material, a guide having an insertion passage for inserting and holding the 
raw material in a buckling preventing state, and a punch for pressing the raw material 
inserted In and held by the insertion passage of the guide In an axial direction of the raw 
material, 

wherein a scheduled enlarged diameter portion of the raw material fixed to the 
fixing die with the scheduled enlarged diameter portion protrnded is inserted into the 
insertion passage of the guide, and 

thereafter, while pressing the raw material with the punch by moving the punch. In a 
state in which a part: of a peripheral surface of an exposed portion of the raw material 



exposed between the guide and the fixing die is restrained or an entire peripheral surface of 
the exposed portion of the raw material Is not restrained, the scheduled enlarged diameter 
portion of the raw material is subjected to swaging processing by moving the guide in a 

« 

direction opposite to a moving dlnectton of the punch so that a length of the exposed portion 
of the raw material becomes a budding limit length or less at a cross-secBonal area of the 
exposed portion of the raw material. 

In this case, the sdieduled enlarged diameter portion of the raw material can be a 
scheduled portion for forming a coupling portion to be coupled to another member (e.g., 
crank, piston). 

In the case where the forged product 3 to be obtained by the forging method of the 
present invention Is a dual-head piston, tiie forging metfiod of the present Invention can be 
defined as follows. 

That is, a metiiod of manufacturing a dual-head piston for use in compressors 
characterized in that a forging metiiod uses a swaging apparatus equipped witii a fixing die 
for fixing a bar-shaped raw material, a guide having an insertion passage for inserting and 
holding tiie raw material In a buckling preventing state, and a punch for pressing tiie raw 



material inserted in and held by ttie insertion passage of tiie guide in an axial direction of tiie 
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rawmatBial, 

wheran a scheduled enlarged diameter portion of the raw material fixed to the 
fbdng die with the scheduled enlarged diameter portion protruded is inserted into the 
Insertion passage of the gulde^ and 

thereafter, while pressing the raw material with the punch t)y moving the punch. In a 
state In which a part of a peripheral surface of an exposed portion of the raw material 
exposed between the guide and the fixing die is reslralned or an entire peripheral surface of 
the exposed portion of the raw material Is not restrained, the scheduled enlaiged diameter 
portion of ttie raw material Is subjected to swaging processing by moving the guide In a 
direction opposite to a moving direction of the punch so that a length of the exposed portion 
of the raw material becomes a buckling limit length or less at a cross-sectional area of tJie 
exposed portion of the raw material. 

In this case, the scheduled enlarged diameter portion of the raw material can be a 
scheduled portion for forming a head portion of the dual-head piston for example. 



Example 
<Example 1> 

A bar-shaped raw material 5 (material: aluminum alloy) round in cross-section and 
18 mm in diameter was prepared. With the raw material 5 heated to 350 "C, the one end 
portion (scheduled enlarged diameter portion 6) of the raw matertal 5 was subjected to 
swaging processing in acoord&nce with the forging method of the firet embodiment By this 
swaging pnocesslng, a spindle-shaped enlarged diameter portion 7 was formed at the one 
end portion of the raw material 5. The average diameter of this enlarged diameter portion 7 
was 30 mm, and the length L of the enlarged diameter portion 7 was 60 mm. The 
processing conditions employed In this forging method are shown in Table 1. The average 
moving speed G of the guide 20 satisfied the aforementioned relational expression (i). 

In Table 1, "Vo" denotes an increased volume of the raw material 5 Increased during 
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the time lag tb within the range of the Initial clearance X. "S" denotes a cross-secbonal area 
of the raw nnatjerial 5 at the time prior to the swaging processing. Accordingly, the time lag 
to can be represented by tb=Va/(SP). 

<Comparative Example 1> 

In the same manner as In Example l, a bar-shaped raw material 5 (material: 
aluminum alloy) round in cross-section and 18 mm in diameter was prepared. Rjrthemiore, 
in the same manner as in Bomple 1, the one end portion (scheduled enlarged diameter 
portion 6) of the raw material 5 was subjected to swaging processing in acoortlance with the 
forging method of the first embodiment so that a spindle-shaped enlarged diameter portion 7 
became 30 mm In average diameter of this enlarged diameter portion 7 and 60 mm in length 
L of the enlarged diameter portion 7. In this case, the average moving speed G of the guide 
20 exceeded the upper limit of the aforementioned relational expression (i). ITie other 
conditions were the same as those in Example 1. Ttie processing conditions applied to this 
forging method are shown in Table 1. 



<Bcample 2> 

A bar-shaped raw material 5 (material: aluminum alloy) quadrangular in 
cros&^ecdon and 10 mm square was prepared. With the raw material 5 heated to 350 "C, 
while holding the side surfaces of the one end portion (scheduled enlaiged diameter portion 
6) of the raw material 5 in tiie thickness direction by a restraining die portion 15, the one end 
portion of the raw material 5 was subjected to swaging processing in accordance with the 
forging method of the second embodiment By this swaging processing, a flat-shaped 
enlarged diameter portion 7 was fbmied at the one end portion of the raw material 5. Ihe 
thickness of this enlarged diameter portion 7 was 10 mm, the average width of tiie enlarged 
diameter portion 7 was 18 mm, and the lengtfi L of tine enlarged diameter portion 7 was 62 
mm. TTie processing conditions employed In this forging method are shown in Table 1. 
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TTie average moving speed G of the guide 20 satisfied tlie aforementioned relational 
repression (i). 

<Comparative Example 2> 

m the same manner as in Example 2, a bar-shaped raw matErial 5 (material: 
aluminum altoy) quadrangular in C3X)ss-section and 10 mm square was prepared. 
Furthennore, in the same manner as in Example 2, the one end portion (scheduled enlarged 
diameter portion 6) of the raw material 5 was suto'ecbed to swaging processing so that the 
average widOi of the enlarged diameter portion 7 became 18 mm and the length L of tiie 
enlarged diameter portion 7 became 62 mm. In tills case, the average moving speed G of 
the guide 20 exiceeded tiie upper limit of the aforementioned relational expression (i). Hie 

ottier conditions were tiie same as those In Example 2. TTie processing oondlti-ons applied to 
this forging metfiod are shown In Table 1. 



<Example 3> 

A bar-shaped taw material 5 (material: aluminum alloy) quadrangular In 
cross-section and 10 mm square was prepared. Wfth tiie raw material 5 heated to 350 "C, 
while resbaining tiie side surfaces of tfie one end portion (scheduled enlaiged diameter 
portion 6) of ttie raw material 5 in tiie tiiickness direction witti tiie restraining die portion 15, 
tiie one end portion of tiie raw material 5 was subjected to swaging processing in acooitiance 
witti tiie Ibrglng metiiod of tiie second embodiment By this swaging prxxjessing, a 
flat-shaped enlarged diameter portion 7 vwas fbnned at tiie one end portion of tiie raw 
material 5. The resbaining die portion 15 employed was provided witii a dosed fbnning 
dented portion 17. The processing conditions employed in tills forging metiiod are shown In 
Table 1. The average moving speed G of tiie guide 20 satisfied tiie aforementioned 
relational expression (i). 

ThereaftjBT, tiie enlarged diameter portion 7 of tiie raw material 5 was pressed by tiie 
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second punch 32 to thereby fill the forming dented portion 17 with the material of the 
enlarged diameter portion 7 by plastically defonning the enlarged diameter portion 7 In the 
fomriing dented portion 17. By this forging method, a forged product with no flash, i.e., with 
a scheduled deigned shape, was obtained. In this forged product, no processing defect 
such as wrinkle or lacte was observed. 



<Example 4> 

A bar-shaped raw mcrterial 5 (material: aluminum alby) quadrangular in 

« 

cross-section and 10 mm square was prepared. With the raw material 5 heated to 350 t:, 
while resb^inlng only tiie side surfaces of the one end portion (scheduled enlarged diameter 
portion 6) of the raw material 5 in the tJiickness direction by a restraining die portion 15, the 



one end portion of the raw material 5 was subjected to swaging processing in aoconJance 
with the forging method of the second embodiment By this swaging processing, a 
fiat-shaped enlarged diameter portion 7 was fomned at the one end portion of the raw 
material 5. The forming dented portion 17 of the resbalning die portion 15 employed was 
provided with a flash forming dented portion 18 continuing from the fonning dented portion 
17. The processing conditions employed in this forging method are shown in Table 1. The 
average moving speed G of the guide 20 satisfied the aforementioned relational expr^lon 
0). 

Ttiereaftfir, the enlarged diameter portion 7 of ttie raw material 5 was pressed by the 
second punch 32 to thereby fill the fbmning dented portion 17 and the flash forming dented 
portion 18 with the material of the enlarged diameter portion 7 by plastically deforming the 
enlarged diameter portion 7 In the forming dented portion 17. By this foiging method, a 
forged product with a flash similar to a scheduled designed shape was obtained. 



In the forging methods of the aforementioned Examples 1-4 and Comparative 
Samples 1 and 2, it was observed whether there is buckling of the raw material 5. The 



wo 2005/011893 



46 



results are shown In Table 1. 
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As shown in Table 1, when the average moving speed G of the guide satisfies the 
aforementioned relational expression CO O-e./ Examples 1 to 4), no buckling was generated, 
and therefore high-quality forged products were obtained. 



<Example 5> 

A bar-shaped raw material 5 (material: aluminum alloy) round in cross-section and 
20 mm in diameter was prepared. At the edge portion of the leading end surface of the 
guide 20 at the side of the Insertion passage 22, beveling processing of diameter R=5 mm 
was executed. By using this guide 20, with the raw material 5 heated to 350 t:, the one 
end portion (scheduled enlarged diameter portion 6) of the raw material 5 was subjected to 
swaging processing in aooordance with the forging method of the first embodiment In this 
forging method, the driving foroe required to move the guide 20 vwas 1.02 MPa (4 tons). 

<Example 6> 

In the same manner as in Bample 5, a bar-shaped raw material 5 round in 
crosMection and 20 mm in dlameJer was prepared. On the other hand, at tiie edge portion 
of the leading end surface of the guide 20 at tiie side of tiie Insertion passage 22, no beveling 
pnDcessIng was executed. By using tills guide 20, under tine same prxxEssing conditions as 
In Example 5, tiie one end portion (scheduled enlarged diameter portion 6) of tiie raw 
material 5 was sutgected to swaging processing. In tills forging metiiod, tiie driving force 
required to move tiie guide 20 was 1.274 MRa (5 tons). 

As will be understood fiDm tiie comparison between tiie driving fon^e require to 
move tiie guide 20 in tiie forging metfiod In Example 5 and tiiat In the forging metiiod In 
Example 6, In tiie forging metiiod of Example 5, It was possible to move tiie guide 20 at 
driving foroe smaller than that of tiie forging method of Example 6. 



< Example 7> 
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In order to manufjacture a straight-bar-shaped arm member for use in automobiles, 
a bar-shaped raw material 5 (material: aluminum alloy) quadrangular In cross-secbon and 10 
mm square was prepared. With the raw material 5 heated to 350 "C, while resbaining only 
dde surfaces of the one end portion (scheduled enlarged diameter portion 6) of the raw 
material 5 in the thickness direction by a resbafning die pcMtion 15 and ftjrther resbaining 
only side surfaces of tiie other end portion (scheduled enlarged diameter portion 6) of the 
raw material 5 in the thidcness direction by a resbaining die portion 15, the one end portion 
and tJie other end portion of the raw material 5 were simultaneously subjected to swaging 
processing in accordance with the forging method of the second embodiment By this 
swaging processing, a flat-shaped enlarged diameter portion 7 was fomied at the one end 
portion of tfie raw material 5 and the other end portion thereof, respectively. The forming 
dented portion 17 of tiie resbaining die portion 15 employed was provided witii a dosed 
forming dented portion 17. The average moving speed G of the guide 20 satisfied the 
aforementioned relational e>q>ression (I). 

Thereafter, tfie cenbal portion of each enlarged diameter portion 7 of the raw 

m 

material 5 was pressed by the second punch 32 to tiiereby fill tiie fomiing dented portion 17 
witfi tiie material of tiie enlarged diameter portion 7 by plastically deforming each enlarged 
diameter portion 7 witiiln the comesponding fomiing dented portion 17. By pressing the 
enlarged diameter portion 7 with tiie second punch 32, at the cenbal portion of tfie enlarged 
diameter portion 7, a bush mounting aperture for mounting a bush was fomied, and the 
enlarged diameter portion 7 was formed into a cylindrical shape. This cyfindrical enlarged 
diameter portion will be used as a coupling portion having a bush mounting portion for 
mounting a bush. Thus, by tills forging method, a sbaight bar-shaped ami member of a 
scheduled design shape In which cylindrical coupling portions each having a bush mounting 
portion for mounting a bush were Integrally fomied at botii end portions was obtained. In 
tills ami member, processing defects such as wrinkles or lacks were not founded. 
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<Example 8> 

In order to manufacture a shaft member for use in automobiles, a bar-shaped raw 
matjerial 5 (matErial: aluminum alloy) round In cnDss-sedtlon and 20 mm In diameter was 
prepared. With the raw material 5 heated to 350 X), while restraining only side surfeces of 
the one end portion (scheduled enlarged diameter portion 6) of the raw matalal 5 in the 
thickness direction by a restraining die porticMi 15 and further restraining only side surfaces of 
the other end portion (scheduled enlarged diameter portion 6) of the raw material 5 in the 
thickness direction by a restraining die portion 15, the one end portion of the raw material 5 
and the other esrvi porOon thereof were simultaneously subjected to swaging processing In 
acoordanoe with the forging rnethod of tine second enibodiment By this swaging prtXEssing, 
a flat-shaped enlarged diameter portion 7 was fbmied at the one end portion of the raw 
material 5 and the other end portion thereof, respectively. The forming dented portion 17 of 
the restraining die portion 15 employed was provided with a closed fbnning dented portion 
17. TTie average moving speed G of the guide 20 satisHed the afbiemendoned relational 
expres^n(0. 

TlTereaftei; a portion of each enlarged diameter portion 7 of the raw material 5 was 
pressed by the second punch 32 to thereby fill the fbmiing dented portion 17 with the 
material of the enlarged diameter portion 7 by plastically deforming each enlarged diameter 
portion 7 within the corresponding fbnning der*ed portion 17. By this forging method, a 
shaft member of a scheduled design shape in which coupling portions to be coupled to 
another member were Integrally fbnned at both end portions was obtained. In this shaft 
member, no processing delects such as a wrinkle or a lack was found. 

<BcampIe 9> 

In order to manufacture a cxjnnecting rod for use In automobiles, a bar-shaped raw 
material 5 (material: aluminum alloy) quadrangular in ODss-secUon and 10 mm square was 
prepared. With the raw material 5 heated to 350 t:, while restraining only side surfaces of 
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the one end portion (scheduled enlarged diam^ser portion 6) of the raw material 5 In the 
thickness direction by a restraining die portion 15 and further restraining only side surfaces of 
the other end portion (scheduled enlarged diametser portion 6) of the raw material 5 In the 
thickness direction by a restraining die portion 15, the one end portkxi of the raw material 5 
and the other end portion thereof were simultaneously subjected tD swaging processing in 
accordance with the forging method of the second embodiment By tills swaging processing, 
a flat-shaped enlarged diameter portion 7 was formed at the one end portion the raw 
material 5 and the other end portion thereof, respectively. The forming dented portion 17 of 
the restraining die portton 15 employed was provided with a closed forming dented portion 
17. The average moving speed G of the guide 20 satisfied tiie aforementioned relational 
expr^ion (i). 

Thereafter, a portion of each enlarged diameter portion 7 of tfie raw material 5 was 
pressed by the second punch 32 to thereby fill the forming dented portion 17 with the 
material of the enlarged diameter portion 7 by plastically defbmiing eadi enlarged diameter 
pcxtton 7 In tiie corresponding forming dented portion 17. By pressing the enlarged 
diameter portion 7 with ttie second punch 32, at tiie central portion of tiie enlaiged diameter 
portion 7, a coupling aperture was fbmied, and tiie enlarged diameter portion 7 was formed 
Into a cylindrical shapa This c^indrical enlarged diameter portion will be used as a coupling 
portion to be connected to another member (crank or piston). That is, by this forging 
nnelhod, a connecting rod of a scheduled design shape in which a coupling portion to be 
connected to another member is integrally formed at both end portions. In this connecting 
rod, processing defects such as wrinkles or lacks were not founded. 

<E)cam|^ 10> 

In order to manufacture a dual-head piston for use In compressors, a bar-shaped 
raw material 5 (material: aluminum alloy) round In cnoss-seclion and 20 mm In diameter was 
prepared. Witii the raw material 5 heated to 350 "C, while restraining only side surfaces of 
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the one end portion (scheduled enlarged diameter portion 6) of the raw matErial 5 in the 
thickness direction by a restraining die portion 15 and further restraining one side surfaces of 
the otiier end portion (scheduled oiiarged dlametjer portion 6) of the raw material 5 In the 
thickness direction by a resbaining die portion 15, the one end portton of the raw material S 
and the other end portion thereof were simultaneously subjected to swaging processing In 
accordance \Mth the forging method of the second embodiment. By this swaging processing, 
a fiat-shaped enlarged diametBr portion 7 was formed at the one end portion of the raw 
material 5 and the other end portion thereof, r^pediveiy. The Ibmiing dented portion 17 of 
the restrainlrg die portion 15 employed was provided with a dosed forming dented portion 
17. The average moving speed G of the guide 20 satisfied the aforementioned relational 
expression (I). By this forging method, a dual-head piston of a scheduled design shape In 
which a head portion (Le^ piston main body) was integrally fbnned at both end portions was 
obtained. In this dual-head piston, no processing defect such as a wrinkle or a lack was 
found. 

While the present invention may be embodied in many different fbmis, a number of 
Illustrative embodiments are descriljed herein with the understanding that the present 
disdosure is to be oonsWered as providing examples of the prindples of the invention and 
such examples are not intended to limit the invention to preforod embodiments described 
herein and/or illusbated herein. 

While illustrative embodiments of the invention have been described herein, the 
present Invention is not limited to the various preferred embodiments described herein, but 
indudes any and all embodiments having equivalent elements, modifications, omissions, 

combinations (e.g., of aspeds across various embodiments), adaptations and/or alterations 

as would be appredated by those in the art based on tiie present disdosure. The limitations 
In tfie daims are to be interpreted broadly based on the language employed in tiie daims and 
not limited to examples described In the present spedfication or during the prosecution of the 
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application, which examples are to be construed as non-exdusive. For example. In the 
present disclosure, the term "preferably" Is non-exduave and means "preferably, but not 
limited to." In this disdosure and during the prosecution of this application, 
means-plus-function or step-plus^nction limitations will only be employed where for a 
5 specific daim limitation all of the following conditions are present in that limitation: a) "means 
for" or "step for" is expressly recited; b) a conesponding function is ©q3ressly recited; and c) 
stiticture, material or acts that support: that sbudure are ncA recited. In this disdosure and 
during tfie prosecution of tills application, the terminology "present Invention" or "hvention" 
may be used as a reference to one or more aspect within the present disclosure. The 

1 0 language present invention or invention should not be Impropeily interpreted as an 

identification of criticality, ^ould not be impropoiy interpreted as applying across all aspects 
or embodiments (l.e^ it should be understocxl that the present invention has a number of 
aspects and embodiments), and should not be improperiy Interpreted as limiting the scope of 
the application or claims. In this disdosure and during ttie prosecution of tills application, 

15 tfie tamlnology "embodiment" can be used to describe any aspect^ feature, process or step, 
any combination tiiereof, and/or any portion tiiereof, dsc. In some examples, various 
embodiments may indude oveiiapping feature. In this disdosure and during tiie 
prosecution of this case, the following abbreviated terminology may be employed: "e.g." 
which means '1br example;" and "NB" which means "note well." 

20 

Industrial Applicability 

The forging m^od and forging apparatus according to tiie present invention can be 
preferably used for manufacturing a member having one or a plurality of larger diameter 
portion such as an arm member, a shaft member, a connecting rx)d for use in automobiles, or 
25 a dual-head piston for use In compressors. 



